PAT-NO: MP408155670a) 
DOCUMENT-IDENT^FI^r^ 08155670 A 

TITLE: LASER BEAM MACHINE AND ITS MACHINING METHOD 

PUBN-DATE: June 18, 1996 



INVENTOR-INFORMATION: 

NAME 

GOTO, YOSHITAKA 
OOHARA, ATSUSHI 
NAGAKUBO, MASAO 
IDOGAKI, KOJI 



ASSIGNEE-INFORMATION: 

NAME COUNTRY 

NIPPONDENSO CO LTD N/A 



APPL-NO: JP06300769 
APPL-DATE: December 5, 1994 



INT-CL (IPC): Bm026/1$, .R23Kft2$yj!.Q , 823^9.26/0.0. , B23.M2.6/.12 , H01L021/302 



ABSTRACT: 

PURPOSE: To provide a laser beam machine and a laser beam machining method 
capable of efficiently discharge machining chips from fine holes and grooves, 
and excellently machining the smaller and deeper holes and fine grooves. 

CONSTITUTION: In a laser beam machine, a work in a vacuum tank 1 is 
irradiated with the pulse-shaped laser beam to be machined. A base electrode 2 
and an opposite electrode 3 are arranged in the vicinity of the work to 
generate the electric fields and an electric field generating power source 11 
is connected to each electrode. The quantity of the electric charge of the 
particles emitted from the work during the irradiation of the laser beam is 
detected by the current value to be detected b y current detectoi^l2^13 
provided on the power- supply line of the base electrode 2 6r theopposite 
electrode 3. The rfectric.field generating power source 11 alternately 
generates the electric field in the vicinity of ihe work according to the 
quantity of the positive or negative electric charge of the detected emitted 
particles. ^ ~ ' 
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* NOTICES* 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laser beam machine which performs processing of 
micropore or a detailed slot good, and its processing approach, irradiating a laser beam at the worlq)iece 
in a vacuum tub, and applying electric field near the workpiece. 
[0002] 

[Description of the Prior Art] A laser beam is irradiated at a workpiece and heating, melting, and laser 
beam machining that processes it by making it evaporate are widely carried out in die exposure part. 
[0003] However, when micropore and a detailed slot with a bore of 10 micrometers or less were 
processed by the exposure of a laser beam, for example, processing residue tended to remain to 
micropore or detailed Mizouchi, and thin deep micropore etc. had the problem which can be hard to drill 
good. 

[0004] For this reason, by JP,6.310473,A, by making electric field impress in the direction of incidence 
of a laser beam, this invention persons electrified the workpiece, made the processing residue in 
micropore produce Coulomb force, and proposed the laser-beam-machining equipment which makes 
processing residue discharge from micropore. 
[0005] 

[Problem(s) to be Solved by the Invention] When the very thin deep micropore of what can discharge 
processing residue somewhat efficiently from micropore etc. was processed, discharge of residue is 
difficult and the working limit had produced this laser-beam-machining equipment. For this reason, 
although the di rection whi c h electric field impress needed to be made in agreement with the direction 
which discharge s the charge of residue as a result of conducting the further research experiment, the 
phenomenon considered that the charge of an exposxire side is reversed was seen at the time of the 
exposure of a laser beam. 

[0006] That is, in the laser beam machine proposed in the above-mentioned official report, in order to 
pull out the positive charge ion produced in a workpiece at the time of the exposure of a laser beam from 
a processing hole, the electric field which make a counterelectrode negative to a workpiece were 
generated 

[0007] However, when a pulse-like laser beam was irradiated at a workpiece and micropore was 
processed as a result of an experiment, as shown in drawing 2 , it became clear at the time of the 
exposure of a laser beam that the electron of a negative charge was first emitted from an irradiated 
plane, and the ion of positive charge was emitted after that. 

[0008] For this reason, when fixed electric field were impressed near the workpiece, one of the charges 
of the electron of a negative charge or the ion of positive charge became is hard to be emitted, emission 
of the residue from micropore was hard to be performed good, and the limitation was generated not a 
little in the processible path and the processible depth of micropore or a detailed slot. 
[0009] This invention was made in view of the above-mentioned point, discharges processing residue 
efficiently from micropore or a detailed slot, and aims at offering the laser beam machine into which 



thinner and deep micropore and a detailed slot are processible good, and the processing approach. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the laser beam 
machine of this invention In the laser beam machine which irradiates a pulse-like laser beam and 
processes a workpiece into the workpiece in a vacuum tub The electrode arranged in order to generate 
electric field near the workpiece, and the power unit which supplies the power source for electric-field 
generating to an electrode, It is characterized by having the electric-field control means which controls 
said power unit according to the positive/negative of the amount of charges of the emitted particle 
detected by detection means to detect the amount of charges of the emitted particle emitted fi^om a 
workpiece at the time of the exposure of a laser beam, and the detection means, is made to carry out 
alternation of the electric field near the workpiece, and is generated. 

[001 1] Here, a detection means can detect the amount of charges by detecting the current which flows to 
an electrode by detecting the current which flows to the member for charge detection which detected the 
amount of charges or has been arranged above a workpiece. 

[0012] Moreover, in the laser-beam-machining approach of irradiating a pulse-Uke laser beam and 
processing a workpiece into the workpiece in a vacuum tub, electric field are impressed near the 
workpiece, and the laser-beam-machining approach of this invention detects the amount of charges of 
the emitted particle emitted by the exposure of a laser beam from a workpiece, and is characterized by 
carrying out alternation of the electric field according to the positive/negative of the amount of charges 
of an emitted particle. 

[0013] Here, the amount of charges of an emitted particle is detectable with the current which flows to 

the electrode for electric-field impression. 

[0014] 

[Function and Effect] By such a laser beam machine and the laser-beam-machining approach of a 
configuration, while irradiating a pulse-like laser beam at the workpiece in a vacuum tub, electric field 
are generated near the workpiece. At this time, the amount of charges of the emitted particle emitted by 
the exposure of a laser beam fi-om a workpiece is detected, and electric field are generated so that 
altemation may be carried out according to the positive/negative of flie amount of charges of an emitted 
particle. 

[0015] While getting it blocked, for example, emitting an electron from a workpiece, electric field are 
generated in the direction in which an electron is pulled out from a workpiec e, and while positive charge 
ion is emitted, electric fieldTare generated in the direction in which positive charge ion is pulled out. 
[0016] For this reason, although the electron of a negative charge is first emitted from a workpiece and 
the ion of positive charge is emitted after that at the time of the exposure of a laser beam, in this way, by 
altemation and the electric field to generate, it can pull out outside, the particle, i.e., the processing 
residue, of an electron and positive charge ion, and those particles can be efficiently discharged from the 
micropore to process or a detailed slot. Therefore, thinner more deep micropore and detailed slot can be 
processed at high effectiveness, and the hole and slot which are a higher aspect ratio can be processed 
[0017] 

[Example] Hereafter, the example of this invention is explained based on a drawing. 
[0018] Drawing 1 shows the outline block diagram of a laser beam machine. 1 is a vacuum tub which 
processes it, it connects with the vacuum pump to illustrate and the inside of a tub is decompressed to a 
predetermined degree of vacuum. In the vacuum tub 1, the substrate electrode 2 and coimterelectrode 3 
for generating electric field near the workpiece are arranged, and Workpiece W is laid on the substrate 
electrode 2. 

[0019] A counterelectrode 3 is arranged above the substrate electrode 2. A counterelectrode 3 has 
protrusion pore 3a projected in the center at the downward workpiece side, and a laser beam is irradiated 
on a downward workpiece through this protmsion pore 3a. 

[0020] A translucent window 4 is attached in the upper part of the vacuum tub 1, and an objective lens 5 
is arranged above a translucent window 4. An objective lens 5 receives the laser beam irradiated fi-om 
the laser oscillation machine 6 through a mirror 7, and is made to condense it on Workpiece W. In the 



case of the excimer laser equipment which uses for example, ArF gas, the laser oscillation machine 6 
oscillates and outputs a laser beam with a wavelength of 193nm by output 100-200mJ. 
[0021] 10 is the control unit of the laser oscillation machine 6, and controls the laser oscillation machine 
6 to oscillate the leather pulse of predetermined width of face with a fixed time interval. 1 1 is a power 
unit for electric-field generating which impresses two electrodes 2 in order to generate electric field 
between the substrate electrode 2 and a counterelectrode 3, and impresses an electrical potential 
difference among three. 

[0022] Before [ small ] this power unit 1 1 for electric-field generating consists of a control section 
controlled to reverse the power supply section which supplies a power source, and its potential and a 
laser pulse is irradiated, the electrical potential difference which makes a counterelectrode 3 forward is 
impressed between the substrate electrode 2 and a counterelectrode 3. Generating of electric field is 
started, and it is constituted so that it may impress switching to the electrical potential difference which 
makes a counterelectrode side negative synchronizing with the timing which changes the electron 
emitted by the exposure of a laser beam from a workpiece to positive charge ion, i.e., the timing which a 
charge just changes from negative, and carrying out alternation of the electric field. 
[0023] That is, since Workpiece W saves a charge by the exposure of a laser beam, an electron flows in 
there and a current flows out by this when Workpiece W is a conductor, the current detector 12 is 
connected to the power-source line between the substrate electrode 2 and the power unit 1 1 for electric- 
field generating, and the current which flows out of the substrate electrode 2 is detected. And it is a time 
of the time of the current fi-om this substrate electrode 2 becoming zero changing to emission of positive 
charge ion fi-om an electron, and a charge just changing from negative, and electric field are reversed at 
this time. 

[0024] On the other hand, since an electron will be first emitted towards a counterelectrode 3 if a laser 
beam is irradiated by Workpiece W when Workpiece W is a nonconductor or a semi-conductor, the 
current detector 13 is connected to the power-source line between a counterelectrode 3 and the power 
unit 1 1 for electric-field impression, and the current detector 13 detects the current which flows to a 
counterelectrode 3 with this elecfron. And it is a time of the time of the current from this 
counterelectrode 3 becoming zero changing to emission of positive charge ion fi*om an electron, and a 
charge just changing from negative, and electric field are reversed at this time. 
[0025] In addition, as shown in drawing 3 , a microchannel plate 8 and its electrode 9 are arranged as a 
member for electric-field detection above a counterelectrode 3, the current detector 14 is connected to 
this microchannel plate 8, the high voltage power supply for micro channel plates is connected to an 
electrode 9, the charge of the electron emitted from Workpiece W or ion can be amplified, and current 
detection of the current detector 14 can also detect it. 

[0026] Next, actuation of the laser beam machine of the above-mentioned configuration is explained. 
[0027] It oscillates according to the trigger signal outputted from a control unit 10, and the laser 
oscillation machine 6 outputs the pulse laser light of predetermined width of face with a fixed time 
interval, as shown in drawing 2 . At this time, when pulse laser light is outputted, impression of a 
forward electrical potential difference (electrical potential difference high to a counterelectrode side) is 
started between a counterelectrode 3 and the substrate electrode 2 from before for a while, and the power 
unit 1 1 for electric-field generating produces forward electric field between two electrodes (i.e., 
workpiece near). 

[0028] Since an electron will flow in there since Workpiece W saves a charge by the exposure of a laser 
beam and a current will flow into a workpiece and the substrate electrode 2 by tiiis when Workpiece W 
is a conductor if it is condensed through a mirror 7 and an objective lens 5 and a pulse-like laser beam is 
irradiated by Workpiece W, the current is detected by the current detector 12 between the substrate 
electrode 2 and the power imit 1 1 for electric-field generating. 

[0029] Moreover, since an electron is emitted by the exposure of a laser beam towards a 
counterelectrode 3 when Workpiece W is a nonconductor or a semi-conductor, the current is detected by 
the current detector 13 linked to the power-source line between a counterelectrode 3 and the power unit 
1 1 for electric-field impression, or the current detector 14 connected to a microchannel plate 8 like 



drawing 3 . 

[0030] And potential of a counterelectrode 3 is made [ as opposed to / as it is detected corresponding to 
the time of tfie current with which the change time to the positive charge ion from this electron is 
detected by the current detector 12 although emission of the electron from Worlq)iece W changes to 
emission of positive charge ion immediately after that becoming zero and the power unit 1 1 for electric- 
field generating is shown in drawing 2 / the reversal, i.e., substrate, electrode 2 ] negative for electric 
field at this time, and electric field are reversed. It is continued at the time of the following laser pulse 
being irradiated to generating of this negative electric field until very recently. 

[0031] Thus, since a counterelectrode side generates the electric field used as negative while an electron 
with negative charge is efficiently pulled out from Workpiece W and positive charge ion is emitted from 
Workpiece W after that, in order to generate the electric field which serve as forward at a 
counterelectrode side, while an electron is emitted at the initiation time of an exposure of a pulse laser 
^^om Workpiece W, positive charge ion can be efficiently pulled out from Workpiece W. 
[0032] Therefore, also in processing of micropore or a detailed slot, while processing residue is 
^cTOsiently discharged from a hole or a slot and can perform processing of micropore or a detailed sLot 
effi(^fently , thinner deep micropore etc. is processed and the thing of it can be carried out more hi^ily 
[ an aspect mtio ] that is,. 

[C^33] In addition, although it is possible that time amount (very short time amount) until the electron 
etbitted from Workpiece W reaches a counterelectrode 3 or amicrochannel plate 8 at the time of the 
exposure of a laser beam delays slightly the timing which reverses electric field, this delay can amend 
del^ay, if this delay is expected and computed from the time of detecting the time of peak generating of a 
detection current (peak period of a negative charge) etc. 



[Translation done.] 



